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(54) Pneumatic radial tires 

(57) A pneumatic radial lire comprises a radial car- 
cass (5) extending between h pair of bead portions (1) 
each including two bead cores (4i.4o) therein and rein- 
forcing a pair of sidewall portions (2) and a tread portion 
(3), wherein the radial carcass is comprised of a rubber- 
ized ply of a continuous cord successively repeating 
round trip in at least one of the two bead cores as a pair 
between the pair of the bead portions along a circum- 
ference of the bead portion and a roundtrip return por- 



tion (5Cu) of the cord is existent in both the bead por- 
tions. In this case, at least one of the two bead cores 
(4i,4o) has such a structure that one or more steel wires 
(Sw) are arranged lengthwise and widthwise in radial 
and widthwise directions of the tire, and the cord (5C) 
of the carcass ply has a roundtrip return portion (5Cu) 
located through a side face of the bead core having the 
above structure so as to cover at least an innermost 
steel wire arrangement in the radial direction from an 
inner side in the radial direction of the tire. 



FIG. 1 
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Description 

[0001] This invention relates to a pneumatic radial 
tire, and more particularly to a pneumatic radial tire 
wherein a carcass ply cord is a continuous cord succes- 
sively repeating roundtrip between a pair of bead por- 
tions in a circumferential direction of the tire. Particularly, 
the invention relates to a pneumatic radial tire capable 
of conducting automatic building in the production of an 
uncured tire and having an excellent bead portion dura- 
bility. 

[0002] In the carcass ply of the general-purpose 
pneumatic radial tire, it is well-known that organic fiber 
cords such as nylon cord : polyester cord and the like or 
inorganic fiber cords such as carbon fiber cord, steel 
cord and the like are used as a reinforcing member for 
a pair of bead portions, a pair of sidewall portions and 
a tread portion. 

[0003] The carcass ply comprised of a radial arrange- 
ment of the above cords has a turnup portion wound 
around a bead core embedded in the bead portion from 
an inside of the tire toward an outside thereof, wherein 
cut ends of the cords are located in an upper end of the 
turnup portion. During the running of the tire having such 
a radial carcass ply under loading, a large shearing 
strain is applied to the cord cut end of the turnup portion 
and hence the upper end part of the turnup portion re- 
sults in the occurrence of separation failure. 
[0004] On the other hand, the tire having the above 
carcass piy structure requires man power in the building 
of an uncured tire, which is out of the trend for labor sav- 
ing and power saving and obstructs the building auto- 
mation toward a near future. 

[0005] At present, there are proposed pneumatic ra- 
dial tires having a carcass ply structure suitable for au- 
tomatic building wherein cut ends of the cords are not 
formed in the upper end of the turnup portion, or tire pro- 
duction methods suitable for automatic building. For ex- 
ample, JP-A-6-171 306 proposes a carcass fixing meth- 
od wherein a cord of a radial carcass ply is a round trip 
arrangement of a continuous cord extending between a 
pair of bead portions and a return portion of the round 
trip cord is interposed from both sides thereof in an axial 
direction of the tire between a pair of bead cores through 
hard rubber layers having a Shore A hardness of not 
less than 70. 

[0006] And also, JP-A-9-1 55991 is concerned with 
the same method of producing a pneumatic radial tire 
as in the above publication in a point that the cord of the 
radial carcass ply is a round trip arrangement of a con- 
tinuous cord extending between a pair of bead portions, 
but proposes a method wherein a return portion of a 
round trip cord is wound each bead core between a pair 
of bead cores from an inside of the tire toward an outside 
thereof in the radial direction likewise the conventional 
tire and the bead core is constructed with cords as well 
as a tire manufactured by this method. 
(0007] According to the methods proposed by the 



above two publications, the automatic building is cer- 
tainly facilitated, and the resulting pneumatic tires are 
superior to the conventional tire in a point that cut ends 
of the carcass ply cords are not existent in the bead por- 
s tion. 

[0008] In the pneumatic tire proposed in the former 
publication, however, since the return portion of the 
round trip cord is merely anchored in the bead core 
through the hard rubber, a phenomenon of pulling out 
io the carcass ply cord from the bead core is caused as 
the running of the tire proceeds under an inflation of an 
internal pressure and hence a sufficient bead portion du- 
rability can not be obtained. 

[0009] On the other hand, in the pneumatic tire pro- 
fs posed in the latter publication, the roundirtp return por- 
tion of the carcass ply cord forms a turnup portion 
around the bead core, so that the above inconvenience 
of the former publication may be improved to a certain 
extent, but since the bead core is constructed with the 
20 cords or twisted wires and a single bead core is used in 
each bead portion, the elongation is large along a cir- 
cumference of the bead portion and the bead portion 
stiffness is lack and hence the development of the phe- 
nomenon of pulling out the carcass ply cord is accom- 
2$ panied and there is still left a problem that the bead por- 
tion durability is lacking. 

[001 0] It is, therefore, an object of the invention to pro- 
vide a pneumatic radial tire having a carcass structure 
capable of easily conducting automatic building of an 
30 uncured tire, and controlling a pulling-out phenomenon 
of a carcass ply cord and sufficiently ensuring a strength 
and rigidity required for a bead portion to provide an ex- 
cellent bead portion durability. 

[0011] According to the invention, there is the provi- 

35 sion of a pneumatic radial tire comprising a radial car- 
cass extending between a pair of bead portions each 
including two bead cores therein and reinforcing a pair 
of sidewall portions and a tread portion, wherein the ra- 
dial carcass is comprised of a rubberized ply of a con- 

40 tinuous cord successively repeating round trip in at least 
one of the two bead cores as a pair between the pair of 
the bead portions along a circumference of the bead 
portion and a roundtrip return portion of the cord is ex- 
istent in both the bead portions, characterized in that at 

45 least one of the two bead cores has such a structure 
that one or more steel wires are arranged lengthwise 
and widthwise in radial and widthwise directions of the 
tire, and the cord of the carcass ply has a roundtrip re- 
turn portion located through a side face of the bead core 

so having the above structure so as to cover at least an 
innermost steel wire arrangement in the radial direction 
from an inner side in the radial direction of the tire. 
[0012] In a preferable embodiment of tho invention, 
the two bead cores in each bead portion are arranged 

55 adjacent to each other in a widthwise direction of the tire 
and the roundtrip return portion of the carcass ply cord 
is sandwiched between the two bead cores. In this case, 
it is favorable that the roundtrip return portion of the car- 
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cass ply cord extends from an inside of the tire toward 
an outside thereof in the widthwise direction along an 
inner circumference of the innermost steel wire arrange- 
ment of the bead core in the radial direction.* 
[0013] In another preferable embodiment of the in- 
vention, the roundtrip return portion of the carcass ply 
cord has a terminal part extending along an outer side 
face of a bead core located outside in the widthwise di- 

. rection of the tire. 

[0014] In the other preferable embodiment of the in- 
vention, the roundtrip return portion of the carcass ply 

^ cord extends from an outside of the tire toward an inside 
thereof in the widthwise direction of the tire along an in- 
ner circumference of the innermosi sieei wire arrange- 
ment of the bead core. 

[0015] In a lurther preferable embodiment of the in- 
vention, the two bead cores in each bead portion are 
arranged adjacent to each other and a bead core of the 
two bead cores located at an inside of the tire has the 
above innermost steel wire arrangement and the round- 
trip return portion of the carcass ply cord extends along 
an inner side face of such a bead core. In this case, it 
is favorable that the roundtrip return portion of the car- 
cass ply cord has a terminal part wound around the bead 
core having the innermost steel wire arrangement from 
an inside of the tire toward an outside thereon in the 
radial direction. 

[0016] In a still further preferable embodiment of the 
invention, the roundtrip return portion of the carcass ply 
cord has a single terminal part aligned at a given pitch 
along the circumference of the bead portion or multiple 
terminal parts overlapped with each other at a given 
pitch along the circumference of the bead portion. 
[0017] The invention will be described with reference 
to the accompanying drawings, wherein: 

Fig. 1 is a diagrammatically section view of a first 
embodiment of the pneumatic radial tire according 
to the invention; 

Fig. 2 is a side view of a main part seen through 
from a direction of an arrow A in Fig. 1 ; 
Figs. 3 to 8 are diagrammatically section views of 
first to sixth embodiments of the bead portion ac- 
cording to the invention; and 
Fig. 9 is a side view of a main part in another em- 
bodiment of the pneumatic radial tire according to 
the invention. 

[0018] In Fig. 1 is shown a first embodiment of the 
pneumatic radial tire according to the invention, which 
comprises a pair of bead portions 1 , a pair of sidewall 
portions 2, a tread portion 3 connecting the sidewall por- 
tions 2, and a radial carcass 5 oxtonding between the 
pair of the bead portions 1 including two bead cores 4 
therein and reinforcing the bead portions 1 , sidewall por- 
tions 2 and tread portion 3. A belt 6 reinforcing the tread 
portion 3 is disposed on an outer circumference of the 
radial carcass 5 according to the custom. The two bead 



cores 4 are inner bead core 4i and outer bead core 4o 
arranged adjacent to each other in the widthwise direc- 
tion of the tire. In Fig. 1, symbol e is an equatorial plane 
of the tire. 

s [0019] The radial carcass 5 is comprised of one or 
more rubberized plies having a radial cord arrangement 
(one ply in the illustrated embodiment). As shown in Fig. 
2, a ply cord 5C of the radial carcass 5 is one or more 
continuous cords (one cord in the embodiment of Fig. 
io 2), for example, an inorganic continuous fiber cord such 
as steel cord or the like, or an organic continuous fiber 
cord such as polyester cord, nylon cord, rayon cord or 
the like. In this case, the continuous cord successively 
repeats round trip in at least one of the two bead cores 
is 4 as a pair (between the bead cores 4i, 4o in the illus- 
trated embodiment) along a circumference of the bead 
portion 1 , and a terminal part of the ply cord 5C of the 
carcass 5 is arranged so as to cover at least an inside 
of either one of the two bead cores 41, 4o in the bead 
20 portion 1 in the radial direction of the tire. 

[0020] In Fig. 2 is shown a side view illustrating the 
ply cord 5C of the carcass 5 and the bead core 4 (outer 
bead core 4o) seen through from a direction of an arrow 
A in Fig. 1 , wherein when a ply cord located at a certain 
25 position along the circumference of the bead portion 1 
is 5C-, , a part of the ply cord 5C on and after a ply cord 
5C n at n-th position is illustrated. The ply cord 5C n ex- 
tends from a bead core 4 (not shown) of one of the bead 
portions 1 to a bead core 4 (outer bead core 4o in the 
30 illustrated embodiment) of the other bead portion 1 and 
is returned at the position of the bead core 4o (side face 
position at the outside of the tire in the embodiment of 
Fig. 2) at a given interval in an extending direction of the 
bead core 4o and extends toward the bead core (not 
as shown) of the bead portion 1 as a ply cord SC^. The 
ply cord SC^ is returned at the bead core 4^not shown) 
of the bead portion 1 in the same manner as mentioned 
above and again extends toward the side face position 
of the outer bead core 4o of the bead portion as a ply 
40 cord 5C n+2 . The ply cord SC^ 2 <s again returned at this 
position and extends toward the bead core 4 (not 
shown) as a ply cord 5C n+3 . Such a round trip is suc- 
cessively repeated in the circumferential direction of the 
tire to form the ply cord 5C of the carcass 5 over a full 
45 circumference of the tire. Symbol E shown in Fig. 2 is a 
return end. 

[0021] Thus, each of the bead portions 1 has roundtrip 
return portions 5Cu of the ply cord 5C of the carcass 5 
(see Figs. 3-8). Moreover, the roundtrip return portion 
50 scu means a portion of the ply cord 5C ranging from a 
position adjacent to the bead core 4 <4i or 4o) up to the 
return end E in the turning from forward path to back- 
ward path. 

[0022] At least one of the two bead cores 4i, 4o, more 
55 concretely a bead core covered with the ply cord SC of 
the carcass 5 from an inside in the radial direction of the 
tire is formed so as to have such a structure that a single 
steel wire Sw is arranged lengthwise and widthwise in 
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radial and width wise directions of the tire plural times as 
shown in Figs. 3-8. That is, the ply cord 5C of the carcass 
5 has a return portion 5Cu located through a side face 
of the bead core having the lengthwise and widthwise 
arranged structure of the single steel wire Sw so as to 
cover at least steel wire Sw group in an innermost steel 
wire arrangement of the bead core in the radial direction 
from the inner side in the radial direction of the tire. 
[0023] Each of Figs. 3-8 shows an example that each 
of the two bead cores 4i, 4o has the lengthwise and 
widthwise arranged structure of the single steel wire Sw 
Such a lengthwise and widthwise arranged structure of 
the single steel wire Sw in each of the bead cores 4i, 4o 
is formed by heiicaiiy winding a single continuous stcc! 
wire Sw at a given row number (2 rows in each of the 
figures) side by side and then helically winding at a giv- 
en row number (2 rows in each of the figures) side by 
side thereon and repeating such a helical winding to 
form a given stage number (4 stages in each of the fig- 
ures). Moreover, a plurality of single continuous steel 
wires Sw may be used if necessary. In the formation of 
the bead core 4i, 4c when the single steel wire Sw is 
required to have a tackiness, it is favorable that a very 
thin uncured rubber film is formed on the single steel 
wire Sw. As the single steel wire Sw, a piano wire having 
a circular section is suitable, a diameter of which is pref- 
erably within a range of 0 75-2.25 mm. 
[0024] in case of a tubeless tire, a taper of a given 
angle is given to a bead base Bb of the tire (see Figs. 
3-8) and a rubber margin having a given size corre- 
sponding to a taper bead seat of an approved rim (a rim 
described in 1998 J ATM A YEAR BOOK) is applied 
thereto so as to provide a function as a tubeless tire. As 
a result, the ply cord 5C of the carcass 5 covering the 
inside of at least one of the two bead cores in the radial 
direction of the tire as mentioned above is strongly sand- 
wiched between the bead seat of the approved rim and 
the bead core 4i or 4o having the lengthwise and width- 
wise arranged structure of the single steel wire Sw, so 
that the ply cord 5C of the carcass 5 can sufficiently with- 
stand to a pulling-out force applied from the bead core 
4 (4i f 4o) to the ply cord 5C under an inflation of an in- 
ternal pressure during the running under loading. 
[0025] Therefore, the invention is most suitable for the 
tubeless tire. 

[0026] Since the ply cord 5C of the carcass 5 has a 
roundtrip return portions in the circumferential direction 
of the bead portion as mentioned above, the ply member 
of the carcass 5 can be formed on a building drum in the 
building of an uncured tire, and hence the automatic 
building becomes naturally easy. 
[0027] In Figs. 3-8, the ply cord 5C of the carcass 5 is 
mainly shown and a coating rubber 5g for the ply cord 
5C is partly shown. It is needless to say that the coating 
rubber 5g completely cover the ply cord 5C from the il- 
lustrated position to the return end E. Various embodi- 
ments on the roundtrip return portion 5Cu will be de- 
scribed more concretely with reference to Figs. 3-8 be- 



low. 

[0028] In the embodiment of Fig. 3, the bead portion 
1 of the tire has a structure that the roundtrip return por- 
tion 5Cu of the ply cord 5C passed between the outer 
s bead core 4o and the inner bead core 4i covers a group 
of steel wires Sw in an innermost steel wire arrangement 
of the outer bead core 4o in the radial direction of the 
tire and the return end E is stopped in a covering region. 
[0029] Fig 4 is a modified embodiment of Fig. 3, 
10 wherein the return end E of the roundtrip return portion 
5Cu is extended up to a halfway of an outer side face of 
the outer bead core 4o. That is, the roundtrip return por- 
tion forms a turnup portion wound around the outer bead 
core 4o from an inside of the tire toward an outside 

15 thereof in the radial direction. Fig. 5 is a modified em- 
bodiment of Fig. 4, wherein the return end E of the 
roundtrip return portion 5Gu is extended outward over 
the outer bead core 4o in the radial direction of the tire. 
[0030] The embodiment of Fig. 6 is different from the 

20 embodiments of Figs. 3-5, wherein the bead portion 1 
of the tire has a structure that the roundtrip return portion 
5Cu of the ply cord 5C passed between the outer bead 
core 4o and the inner bead core 4i covers a group of 
steel wires Sw in an innermost steel wire arrangement 

25 of the inner bead core 4i in the radial direction of the tire 
and the return end E is stopped in a covering region. 
[0031] In all embodiments of Figs. 3-6, the roundtrip 
return portion 5Cu is sandwiched between the inner 
bead core 4i and the outer bead core 4o in the bead 

30 portion 1. 

[0032] In the embodiments of Figs. 7 and 8, the bead 
portion 1 of the tire has such a structure that the ply cord 
5C is extended along an inner side face of an inner bead 
core 4i and wound around the inner bead core 4i from 

35 an inside of the tire toward an outside thereof in the ra- 
dial direction to form a roundtrip return portion 5Cu, and 
the roundtrip return portion 5Cu is sandwiched between 
the inner bead core 4i and the outer bead core 4o. In 
Fig. 7, the return end E of the roundtrip return portion 

40 5Cu is located between the inner bead core 4i and the 
outer bead core 4o. In Fig. 8, the return end E of the 
roundtrip return portion SCu is extended outward over 
the inner and outer bead cores 4i, 4o in the radial direc- 
tion of the tire. 

45 [0033] In the carcass 5 shown in Fig. 2, the roundtrip 
return portion 5Cu of the ply cord 5C has a single termi- 
nal part aligned at a given pitch along the circumference 
of the bead portion 1 . On the other hand, in the pry cord 
5C of the carcass 5 shown in Fig. 9, the roundtrip return 

50 portion 5Cu forms double terminal parts overlapped with 
each other at a given pitch along the circumference of 
the bead portion 1 . In the latter case, a ply cord 5C m as 
a forward path is disposed between the ply cord 5C n as 
a forward path and the ply cord SC^ as a backward 

55 path and returned at the same given pitch as mentioned 
above to form a ply cord SO^ . The ply cord 5C n , 5C n+1 
crosses with the ply cord 5C m , 5C m+1 in the vicinity of 
the return end€ of the roundtrip return portion SCu. Al- 
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though the double terminal parts are shown in Fig. 9, 
multi terminal parts may be formed. Moreover, the ply 
cord 5C having the multi terminal parts can be made by 
using a single continuous cord or by using two or more 
continuous cords. s 
[0034] Either or both of the inner bead core 4i and out- 
er bead core 4o is not necessarily made of a single bead 
core and may be made of two or more bead cores. 
[0035] The following examples are given in illustration 
of the invention and are not intended as limitations io 
thereof. 

. [0036] There are provided three radial tires for pas- 
senger cars having a tire size of 1 95/65R1 4 and a struc- 
ture shewn in Fig. 1 , wherein a carcass 5 is comprised 2. 
of one cord ply containing polyester cords of 1500 D/2 *s 
therein as Examples 1-3. The bead portion 1 of the tire 
has a roundtrip return portion 5Cu of the ply cord 5C 
shown in Fig. 3 in Example 1, in Fig. 4 in Example 2. 
and in Fig. 5 in Example 3, respectively. A single steel 
wire Sw constituting a bead core 4 (comprised of inner 20 
bead core 4i and outer bead core 4o) is a piano wire 3. 
having a diameter of 0.96 mm. For a comparison, a con- 
ventional tire has the same structure as in the tires of 
Examples 1 -3 except that the return end E of the round- 
trip return portion 5Cu is located between the inner bead 25 
core 4i and the outer bead core 4o. 
[0037] With respect to the tires of Examples 1 -3 and 
the conventional example, a test for bead portion dura- 
bility is carried out under a condition of causing troubles 4. 
in the bead portion. When the durability is represented 30 
by an index on the basis that the conventional example 
is 1 00, the index values of the durability in Examples 1 -3 
are 110-114 (the larger the index value, the better the 
durability). Moreover, the trouble caused in the conven- 
tional example results from the pulling-out of the carcass 35 5. 
ply cord, while the trouble caused in Examples 1-3 re- 
sults from the breakage of the ply cord 5C in the carcass 
5. 

[0038] As mentioned above, according to the inven- 
tion, the phenomenon of pulling out the carcass ply cord 40 
can be controlled while maintaining the carcass struc- 
ture facilitating automatic building of an uncured tire. 
Therefore, the invention can provide a pneumatic radial 
tire capable of largely improving the bead portion dura- 
bility by the above controlling effect. 45 



Claims 



A pneumatic radial tire comprising a radial carcass 
(5) extending between a pair of bead portions (1) 
each including two bead cores (4i,4o) therein and 
reinforcing a pair of sidowall portions (2) and a tread 
portion (3), wherein the radial carcass is comprised 
of a rubberized ply of a continuous cord (5C) suc- 
cessively repeating round trip in at least one of the 
two bead cores as a pair between the pair of the 
bead portions along a circumference of the bead 



so 



ss 



portion and a roundtrip return portion (5Cu) of the 
cord is existent in both the bead portions, charac- 
terized in that at least one of the two bead cores (4i, 
4o) has such a structure that one or more steel wires 
(Sw) are arranged lengthwise and widthwise in ra- 
dial and widthwise directions of the tire, and the cord 
(5C) of the carcass ply has a roundtrip return portion 
(5Cu) located through a side face of the bead core 
having the above structure so as to cover at least 
an innermost steel wire arrangement in the radial 
direction from an inner side in the radial direction of 
the tire. 

A pneumatic radial tire as claimed in claim 1. char- 
acterized in that the two bead cores (4i,4o) in each 
bead portion (1 ) are arranged adjacent to each oth- 
er in a widthwise direction of the tire and the round- 
trip return portion (5Cu) of the carcass ply cord (5C) 
is sandwiched between the two bead cores. 

A pneumatic radial tire as claimed in claim 2, char- 
acterized in that the roundtrip return portion (5Cu) 
of the carcass ply cord (5C) extends from an inside 
of the tire toward an outside thereof in the widthwise 
direction along an inner circumference of the inner- 
most steel wire arrangement of the bead core in the 
radial direction. 

A pneumatic radial tire as claimed in claim 1 , char- 
acterized in that the roundtrip return portion (5Cu) 
of the carcass ply cord (5C) has a terminal part ex- 
tending along an outer side face of a bead core lo- 
cated outside in the widthwise direction of the tire. 

A pneumatic radial tire as claimed in claim 2, char- 
acterized in that the roundtrip return portion (5Cu) 
of the carcass ply cord (5C) extends from an outside 
of the tire toward an inside thereof in the widthwise 
direction of the tire along an inner circumference of 
the innermost steel wire arrangement of the bead 
core. 

A pneumatic radial tire as claimed in claim 1 , char- 
acterized in that the two bead cores (4i,4o) in each 
bead portion are arranged adjacent to each other 
and a bead core (4i) of the two bead cores located 
at an inside of the tire has the said innermost steel 
wire arrangement and the roundtrip return portion 
(5Cu) of the carcass ply cord <5C) extends along an 
inner side face of said bead core. 

A pneumatic radial tire as claimed in claim 6, char- 
acterized in that the roundtrip return portion (5Cu) 
of the carcass ply cord (5C) has a terminal part 
wound around the bead core having the innermost 
steel wire arrangement from an inside of the tire to- 
ward an outside thereon in the radial direction. 
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8. A pneumatic radial tire as claimed in claim 1 , char- 
acterized in that the roundtrip return portion (5Cu) 
of the carcass ply cord (5C) has a single terminal 
part aligned at a given pitch aiong the circumfer- 
ence ol the bead portion. s 

9. A pneumatic radial tire as claimed in claim 1 , char- 
acter i/cd in that the roundtrip return portion (5Cu) 
ol the carcass ply cord (5C) has multiple terminal 
parts overlapped with each other at a given pitch 10 
along the circumference of the bead portion. 
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FIG. 2 
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FIG. 5 
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FIG. 9 
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(54) Pneumatic radial tires 

(57) A pneumatic radial tire comprises a radial car- 
cass (5) extending between a pair of bead portions (1) 
each including two bead cores (4i,4o) therein and rein- 
forcing a pair of sidewall portions (2) and a tread portion 
(3), wherein the radial carcass is comprised of a rubber- 
ized ply of a continuous cord successively repeating 
round trip in at least one of the two bead cores as a pair 
between the pair of the bead portions along a circum- 
ference of the bead portion and a roundtrip return por- 



tion (5Cu) of the cord is existent in both the bead por- 
tions. In this case, at least one of the two bead cores 
(4i,4o) has such a structure that one or more steel wires 
(Sw) are arranged lengthwise and widthwise in radial 
and widthwise directions of the tire, and the cord <5C) 
of the carcass ply has a roundtrip return portion (SCu) 
located through a side face of the bead core having the 
above structure so as to cover at least an innermost 
steel wire arrangement in the radial direction from an 
inner side in the radial direction of the tire. 
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